An increasing number of primary prevention programs aimed at promoting physical exercise in children and adolescents are being piloted. As resources are limited, it is important to ascertain the costs and benefits of such programs. The aim of this systematic review is to evaluate the currently available evidence on the cost-effectiveness of programs encouraging physical activity in children and adolescents and to assess their quality. A systematic review was conducted searching in well established literature databases considering all studies before February 2015. Citation tracking in Google Scholar and a manual search of the reference lists of included studies were used to consolidate this. The fundamental methodological elements of the included economic evaluations were extracted, and the quality of the included studies was evaluated using the Pediatric Quality Appraisal Questionnaire (PQAQ). In total, 14 studies were included. Considering the performance of the economic evaluation, the studies showed wide variation. Most of the studies used a societal perspective for their analyses and discounted costs and effects. The findings ranged from US$11.59 for a person to become more active (cheapest intervention) up to US$669,138 for a disability adjusted life year (DALY) saved (most expensive intervention), with everything in between. Overall, the results of three studies are below a value of US$3061, with one of them even below US$200.00, for the achieved effects. For the other programs, the context-specific assessment of cost-effectiveness is problematic as there are different thresholds for cost-effectiveness in different countries or no clearly defined thresholds at all. There are multiple methodological difficulties involved in evaluating the cost-effectiveness of interventions aimed at increasing physical activity, which results in little consistency between different evaluations. The quality of the evaluations ranged from poor to excellent while a large majority of them was of very good methodological quality. Better comparability could be reached by greater standardization, especially regarding systematic consideration of implementation costs.
Background
According to the WHO, physical inactivity has been identified as the fourth leading risk factor for global mortality with 6 % of deaths globally [1] .
Additionally, in recent years, physical inactivity has been increasing in infancy and adolescence and is expected to continue to increase [2, 3] . Physical inactivity has a significant economic impact on health care systems (see for example [4] [5] [6] ). Hence, the promotion of healthier patterns of living according to physical activity should have high priority in public health interventions in infancy and adolescence [7] .
But, as financial resources are limited, only effective and, ideally, only cost-effective programs should be implemented [8] . Therefore, it is useful to gain an impression of already existing economic evaluations of programs encouraging physical activity in children and adolescents to see what is already done in this field, what the economic results are, and what the quality of these evaluations is. Based on this, the aim of this paper is to give an overview of the economic evaluations of programs encouraging physical activity in children and adolescents and also to assess the quality of these evaluations.
Review

Systematic database search
To identify health economic evaluations relevant in answering the review question and gain an overview of already existing national and international results concerning the costs and effects of measures to promote physical activity, a comprehensive systematic review of the literature was conducted. The following databases were used to find relevant literature: PubMed, Web of Science, Centre for Reviews and Dissemination (CRD) Databases (DARE, NHS EED, HTA), EconLit, and Embase.
The search was conducted in February 2015 and contains all results published or listed in the databases up to and including January 2015.
The PICOS scheme [9] was used to concretize the search terms for the review. An overview of the terms is given in Table 1 .
The terms were used analogously in all databases, adapted to the given search possibilities of the particular databases. Additionally, Google Scholar was used to retrieve further references as well as a manual search of the reference lists of included studies.
Inclusion/exclusion criteria
As there are already other reviews that concern themselves with the topic of secondary prevention measures (in which the target group is already overweight or obese) [10] , these measures were excluded. However, primary prevention measures for obesity that involve all infants regardless of initial weight were considered as well. Studies in which physical activity was used as a secondary prevention measure for already existing diseases in the target group were also excluded. The target group "infants and adolescents" was an essential criterion of the search. Studies that examine measures for other target groups have therefore not been included in the report. Additionally, only English, German, and French publications were included. Publications on developing countries were omitted. Studies that only looked at effects were also excluded. Also, only original studies were included; reviews and meta-analyses, such as that by Wu et al. [11] , were not included in this review.
For this review, all programs that aimed to encourage physical activity or prevent physical inactivity were considered, even if they also focused on other parameters besides physical activity, such as nutrition for example.
Data extraction
To summarize the fundamental characteristics of the health economic evaluations included in the review, data extraction was performed independently by two reviewers using an adapted version of a data extraction template recommended by the Centre for Reviews and Dissemination [9] . It includes detailed information about major characteristics of the particular studies (author, year, country, study type, study objective, intervention, comparator, study population, setting, perspective, time horizon), the methods used in each study (data sources, data Economic evaluation, economics, cost-effectiveness, evaluation, evaluation studies, cost-benefit analysis a no search was made specifically for comparators as, for encouraging physical activity, as there was no need for the purpose of this systematic review to specify any comparators used in economic evaluation, outcomes, costs, discounting, analysis of uncertainty), and the results (outcomes, costs, synthesis of outcomes, and costs). Furthermore, there is a short summary of the authors' conclusions and information about potential funding.
Quality assessment of economic evaluations
Several checklists were tested (e.g., Philips et al. [12] ) but, for the study question here, the Pediatric Quality Appraisal Questionnaire (PQAQ) was considered to be the most appropriate checklist for quality assessment, as it was developed from the established appraisal checklists and specially constructed for application in assessing the quality of measures for the pediatric population [13] . The PQAQ is a 57-item instrument with a total of 14 domains, of which 13 are scored with values from zero to one (1 = yes, 0.5 = partially, 0 = no/not reported). One domain is for adding additional descriptive information. Each domain corresponds to a key aspect of health economic methodology, such as economic evaluation, comparators, target population, time horizon, perspective, costs and resource use, outcomes, quality of life, analysis, discounting, instrumental analysis, sensitivity analysis, conflict of interests, and conclusions. Within each domain, between two and 10 items are requested. In total, this leads to 10 descriptive and 46 scoreable items and one item for overall quality assessment [13, 14] . The quality assessment was conducted independently by two reviewers. Although it is not the goal of the PQAQ to calculate an overall quality score [13, 14] , but just to give a subjective rating of overall quality, an overall score was calculated by the author to legitimate the impression of overall quality. Questions which were not applicable ("N.A.") were excluded from the overall scoring.
The summary score was calculated using the following formula: [1/(n -x)]Σi Si × 100 [15] , rounded to the nearest 1 %; i = 1, .., n, n is the number of questions, x is the number of questions for which the response was N.A., and S is the score for each question. This method has already been used in other approaches adopted by researchers in developing a quality score from checklists (e.g., [16] ). For the ranking, the ranges of the achieved scores were chosen by the author (<30 % (worthless), 30 ≤ 45 % (poor), 45 % ≤ 60 % (fair), 60 % ≤ 75 % (good), 75 %-90 % (very good), >90 % (excellent)). For a detailed calculation of the scores see Additional files Table S4 .
For a global impression of the quality of the article, not only the scores were taken into account, but also the information that was given by the qualitative items in the PQAQ.
Data synthesis
The results of the economic evaluations were adjusted for country-specific inflation. The Consumer Price Indices (CPI) as part of the Main Economic Indicators (MEI) of the OECD [17, 18] and the purchasing power parity (PPP) conversion rate of 2011 were used to convert monetary results to U.S. dollars [19] , as this was the price year of the most recent intervention.
Detailed information on the results of the quality assessment are given in Table 3 . Figure 1 shows the number of hits and the selection process for the relevant studies.
Results
Results of the research
In total, 14 studies were found that fulfilled the inclusion criteria. Thirteen different interventions to increase physical activity in children and adolescents (and to some extent better nutrition and a healthier lifestyle in general) were examined with regard to the prevention of overweight and obesity. One of the interventions was also examined with regard to the prevention of Disordered Weight Control Behavior (DWCB). Table 2 gives an overview of the characteristics of the 14 relevant economic evaluations and concludes the key economic findings (for the base case scenarios). Details of the economic findings and the study characteristics can also be found in Korber [20] , a review focusing on the transferability of economic evaluations which was updated here for lying the focus on the quality of the evaluations.
Characteristics of the economic evaluations
As can be seen in Table 2 , the results of the economic evaluations showed a wide range of values with different outcomes which are not directly comparable (e.g., "becoming more active", QALY, DALY). Taking the value in US$ for the price year 2011, which was calculated based on the original publications, the lowest value was US$8.78 in the year 2000 (US$11.59 in 2011) [21] for a person to become more active because of a media campaign. The highest value was up to AU$760,000 in the year 2001 (US$669,138 in 2011) for a DALY saved by a "Walking School Bus" program [22] . The other programs ranged between these values.
The economic results of three of the studies presented in this review are below a value of US$2966/QALY saved (US$3061 for the year 2011) [23] [24] [25] . One of these studies even shows a value below £94/QALY saved or £103/ QALY saved in 2003 (US$200 in 2011) [24] , which can be assumed to be a very low value even for prevention/ health promotion measures. Table 3 gives a detailed overview of the quality assessment for the 14 relevant studies, sorted in alphabetical order according to the PQAQ. As can be seen, there is a wide range in the overall quality of the studies ranging from "poor" to "excellent" with a majority of studies showing very good quality. As the results for the quality assessment are presented in detail in Table 3 and in the additional documents only some notable results are described in the following.
Quality of the economic evaluations
As there are five studies [21, [26] [27] [28] [29] using intervention results, all the questions dealing with the quality of models had to be answered with "N.A." Furthermore, none of the studies took more than one perspective and in the section "Outcomes" the question of considering school/day care absence was also not applicable for the studies. Opportunity costs for parents and informal caregivers were only measured in two studies [28, 30] while these costs were not applicable in all the other studies (e.g., encouragement of physical activity during school time or regular after school care already included in salaries).
As can be seen many possible scoring points were lost in the questions concerning comparators. The rationale for choosing alternatives used for comparison was made only implicitly by all studies except one [21] . Also for the question of the description of the alternatives in detail only two studies fully scored [26, 29] , two did not score at all [21, 24] and the others scored 0.5. Additionally most of the studies for which it was applicable lost points by not adequately describing the pathway provided and even more points were lost by not (adequately) performing formal decision analysis.
Discussion
Major findings
Concerning the "effectiveness of projects for physical activity in infants and adolescents", a large number of studies were found, and there are also detailed literature reviews on these (see for example [31] [32] [33] ). Looking at cost-effectiveness, in contrast, the situation is completely different.
Economic evaluation
Some programs only considered the health effects of the programs in their calculations, other possible positive side-effects that might occur, such as the encouragement of social cohesion (see, for example, [34] ) or fewer accidents because of synergy effects with road safety education (which could result from the "Walking Bus" concept from [22] , for example), were discussed but not taken into account [22, 34] . Considering these positive side-effects as well could potentially change the cost-effectiveness of these interventions. Furthermore, the economic evaluation of some of the interventions resulted from one project (ACE-Obesity project), which means that they are all Are the subjects representative of the population to which the intervention is targeted? based on the same assumptions and modeling techniques. Changes to those rather conservative assumptions [22, 34, 35] could also give a different view of the cost-effectiveness of the programs. Four studies only used intervention results and a relatively short time horizon [21, 26, 27, 29] . They do not report a gain in QALY or DALY, but they report relatively low costs for achieving health-relevant effects such as reduction in body fat or waist circumference.
Looking at the methodology of the studies the comparability is limited as the studies use different forms of economic evaluations (CUA [22-25, 30, 34-37] , CEA [21, [26] [27] [28] [29] ) with (the resulting) different outcomes (QALY, DALY, BMI reduction, reduction in waist circumference,…). Regarding the different outcomes one major point influencing the implementation of a program is, what e.g., decision makers or funders of programs are willing to pay for the outcome reached by a measure as reaching a QALY is quite different from "becoming more active".
Additionally different methods of evaluation were used. Some studies used modeling based on different data sources [22-25, 30, 34-37] , while others used the intervention data for generating their results [21, [26] [27] [28] [29] .
Regarding the cost-effectiveness of the programs, it also has to be taken into account, that the contextspecific assessment of cost-effectiveness is problematic as there are different thresholds for cost-effectiveness in different countries (e.g., AU$50,000 in Australia; see, for example, [22] ) or no clearly defined thresholds at all.
Yet another difficulty results from the fact, that some of the programs considered in this review are complex interventions and not only encouraging physical activity (e.g., combined with the encouragement of better nutrition (see for example [23, 27, 29, 36] ). Therefore it is not always clear which effects explicitly result from the encouragement of physical activity.
Quality assessment
The most positive aspect of the quality assessment is that none of the studies was ranked as "worthless". Only one study ranked "poor", one "fair", two "good", nine studies "very good", and one "excellent". This shows that there is an awareness of the necessity for high-quality economic evaluations. But it also shows that there is still room for improvement. One problem regarding the methodological shortcomings that led to a loss of points in the quality assessment could be the fact that the quality had to be assessed based on the published data for the studies. This means there could be a deviation between what has been reported about the economic evaluation and what has actually been done, but is not reported.
This would not be a lack of quality but rather a lack of transparency.
Comparison with other reviews
Reviews focusing on the effectiveness of physical activity programs [31] [32] [33] show diverse results for the effectiveness of different kinds of program (see also [31] [32] [33] ). Van Sluijs et al. found strong evidence that school-based interventions can increase physical activity in adolescents and Camacho-Minano et al. found multicomponent school-based interventions that also offer physical education that address the needs of girls as effective [33] . Kahn et al. Also found some school-based programs tob e effective while for others no conclusion about the effectiveness can be made, because of lacking information [32] . The studies also criticize the still missing quality in the evaluations [31, 33] .
There is also a review by Wu et al. that converts the effects of physical activity interventions measured in metabolic equivalents (METs) to make them comparable and calculates the cost-effectiveness of these interventions [11] ; however, it does not explicitly focus on interventions for children and adolescents. One current review looked at the potential monetary savings of different school-based programs for increasing physical activity, but not at the costs necessary to reach these effects [38] . There are also reviews on economic evaluations of physical activity programs as primary prevention methods in adults [8] , and there are several reviews of economic evaluations focusing on physical activity as a (disease-specific) secondary prevention method for both children/adolescents (for example, for obesity: [39] ) and adults (for example, reduction of risk factors for metabolic syndrome: [40] ). There is also one review focusing on the transferability of economic evaluations of physical activity programs for children and adolescents [20] , which overlaps in part with the review conducted here. A reason for that might be that high transparency in presenting the methods of a study leads to high scoring in quality assessment as well as in transferability assessment. But the main difference in the two reviews is that the other one focuses on transferability assessment, whereas this one fills the gap of missing overviews concerning the quality assessment of economic evaluations in this research field.
Limitations of this review
One limitation of this review is that the collection of publications was limited to those referenced in the databases PubMed, Web of Science, CRD Databases (DARE, NHS EED, HTA), EconLit, and Embase. Citation tracking in Google Scholar and an additional manual search were used to broaden the search. A further restriction resulted from including only publications in English, German, and French, excluding publications in other languages. Only publications up to February 2015 are captured in this review. There always is the problem, that the selection and assessment of relevant studies is not completely objective. Therefore in this review, the screening for relevant publications was made in two steps (first step: only abstracts, second step: full texts, see Fig. 1 ) by two independent reviewers to achieve higher objectivity.
The PQAQ was used for the quality appraisal of the economic evaluations. It is a validated tool for the assessment of economic evaluations focusing on children [14] . Still, it was sometimes difficult to assess study quality. There is a highly contentious debate in the literature about using quality scoring systems [9] . Nevertheless, overall scoring was made to support the estimation of overall quality. Additionally, the qualitative appraisal items in the PQAQ were taken into account in the overall quality decision. Other checklists were tested (e.g., Philips et al. [12] ) but, for the study question here, the PQAQ was considered as the most appropriate checklist for quality assessment. The quality assessment and the underlying data extraction has been conducted independently by two reviewers. Conflicting results in the assessments were discussed and resolved by consensus. The costs of the studies were adjusted to U.S. dollars for the year 2011 by using the CPI [17] and the purchasing power parity (PPP) conversion rate of 2011 [19] , to achieve more comparability between studies. However, the explanatory power of those values is limited, e.g., because country-specific health care systems with different pricing schemes were not taken into account in the calculation. Furthermore, health care costs do not necessarily increase in the same way as CPI. There is evidence that health care costs increase even more than CPI. Therefore, the calculation made here tends to be a conservative calculation of the costs [41] . One further general limitation of this review can be seen in the problem of transferability of the results. This arises from the difficulty in assessing behavior-oriented prevention in different settings.
Conclusions
An essential result of this research is the fact that this is the first review to look at the quality of economic evaluations of programs encouraging physical activity in children and adolescents.
Despite an intensive review of the literature, only a few studies on the economics of programs encouraging physical activity in children and adolescents were found. Looking at the publication years, it can be seen that the majority of the studies found in this research derive from the year 2007 onwards (only one study had already been published in 2003 [36] ), giving the impression that this is an ongoing topic in public health research. It becomes apparent that demand for economic evaluations of primary prevention interventions [42] is still not so common in current practice. But looking at the list of excluded studies (see Additional files Table S5 ), it can be seen that there are several study protocols planning economic evaluations of programs encouraging physical activity in children and adolescents, which gives an interesting perspective for further review updates.
Consideration of the available publications reveals that very different programs have been evaluated and that the results concerning cost-effectiveness are also quite different.
Moreover, attention should be paid to the fact that the individual programs and the results of the economic evaluations are difficult to compare. As can also be seen in the results of this review, the studies differ with regard to their endpoints (e.g., QALYs vs. DALYs), their settings (e.g., school, community, or a combination of both), the date, the intervention components (physical activity only, physical activity and nutrition, physical activity, nutrition, and knowledge transfer), and the thematic organization of these components.
It is also important to point out that at least one of the interventions that was classified as not cost-effective by the authors in the economic evaluation is still being continued and is obviously seen as being successful: the "Australian After-School Communities Program" has far exceeded the assumptions used in the modeling [34] . This example shows that an economic analysis can be a starting point for decision support (and also should be), but that it cannot be the sole basis for a decision because of the above-mentioned complex methodological problems, especially in the area of encouragement of physical activity. During the research, it was also found that an important step toward more (economic) transparency would be documentation of the costs of development, implementation, and continuation of an intervention. Only then can decision makers make at least a rough estimate of what costs would be incurred in a roll-out of the intervention.
Finally, one of the main conclusions that can be drawn from this review is, that even though there are still not many studies in this field (more are planned), but the majority of them shows high or very high quality. The second important conclusion is, that often only low monetary effort is needed to achieve a significant change in physical activity in early age.
